We use the relativistic perfect-fluid hydrodynamics to describe the space-time evolution of dense baryonic matter produced in the central nucleus-nucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES. The transverse flow of the fireball with cylindrical symmetry and boost invariant along the longitudinal direction is also analyzed. Based on the relativistic kinetic theory, we also present the first preliminary calculation on the production of low-mass dileptons and low-pT photons can be considered as the probes of the dense baryonic matter produced in the central Au-Au and U-U collisions. We find that the rapid cooling of the expanding dense baryonic matter with transverse flow effect can lead to the suppression of the low-mass dileptons and low-pT photons production at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES energies.
High energy heavy-ion collision experiments at relativistic energies can create extreme states of strongly interacting matter and enable their investigation in the laboratory. Experiments at Large Hadron Collider (LHC) and top Relativistic Heavy Ion Collider (RHIC) energies can explore the quantum chromodynamics (QCD) phase diagram in the transition region between quark matter and hadron gas at very small baryon chemical potentials, where hot medium matter is produced with almost equal numbers of particles and antiparticles. Indeed, many phenomenological models also predict that a strong first-order phase transition may occur in compressed baryon-rich matter at lower energies [1] [2] [3] [4] [5] [6] [7] [8] [9] , and the purely quark-qluon plasma with zero baryonic chemical potential could be created at high energies ( √ s N N ≥ 13GeV) [10] . Presumably, such dense baryonic matter is created at lower energies ( √ s N N < 10GeV) in the central U-U collisions with beam energies E lab = 0.4AGeV ( √ s N N = 2.07GeV) at the Cooling Storage Rrings (CSR) at the Heavy Ion Research Facility in Lanzhou (HIRFL) [11] , the central U-U collisions with beam energies E lab = 1.0AGeV ( √ s N N = 2.32GeV) at High Intensity Heavy Ion Accelerator Facility (HIAF) [12] , the central Au-Au collisions ( √ s N N = 2.7 − 4.9GeV) of
Compressed Baryonic Matter (CBM) experiment at Facility for Antiproton and Ion Research (FAIR) [13, 14] , the central Au-Au collisions ( √ s N N < 10GeV) of MultiPurpose Detector (MPD) experiment at Nuclotron-based Ion Collider fAcility (NICA) [15] , and the central AuAu collisions ( √ s N N = 7.7GeV) of the Beam Energy Scan (BES) program at Relativistic Heavy Ion Collider (RHIC) [16, 17] . Especially for the center-of-mass energies √ s N N ≤ 5GeV, the dense baryonic matter is dominated by the incoming nucleons [18, 19] .
In the present work, we use the relativistic perfectfluid hydrodynamics to describe the space-time evolution of dense baryonic matter produced in the central nucleus-nucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES. In relativistic heavy-ion collisions, the relativistic hydrodynamical equations describe the collective properties of dense baryonic matter. The Bjorken solution [20] provides an estimate of the (1+1)-dimensional longitudinal expansion of the fireball in the context of the Landau hydrodynamic model [21, 22] , but with a different initial boundary condition. The transverse-flow effects have been studied by relativistic perfect hydrodynamics that assumes cylindrical symmetry along the transverse direction and boost invariant along the longitudinal direction [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , as well as described by the relativistic simple wave of Riemann irrespective of the initial conditions [33] [34] [35] . After the initial proper time τ i and initial temperature T i , the dense baryonic matter is regarded as thermalized. The fireball temperature T (τ, r) is given as a function of proper time τ and radial distance r by the calculation of the transverseflow. Moreover, we also present the first preliminary calculation on the production of low-mass dileptons and low-p T photons from the pion-pion interaction in dense baryonic matter produced in the central Au-Au and U-U collisions. We find the suppression of the transverse-flow effects for the low-mass dileptons and low-p T photons production from the dense baryonic matter is also apparent at lower energies at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES.
In the case of the central nucleus-nucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES, we shall assume that the dense baryonic matter with low temperature and high baryon density produced at low energies can be treated as a perfect-fluid, and the freeze-out is performed while the energy density of the fireball drops below ρ 0 ≈ 0.16GeV/fm 3 . In the relativistic perfect-fluid hydrodynamics model the grand canonical ensemble partition function contains all relevant degrees of freedom of the dense baryonic matter and and implicitly includes interactions that result in fireball formation. The logarithm of the grand canonical ensemble partition function of baryons and mesons with mass, chemical potential, and degeneracy factor in the large volume limit of the dense baryonic matter (BM) produced in the central nucleus-nucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES can be written as [36, 37] 
where g N = 4 is the degeneracy factor of the baryon, and g m = 3 is the degeneracy factor of the meson. The Fermi-Dirac distribution function of baryons and Bose-Einstein distribution function of mesons in the dense baryonic matter are given by
where µ B is the energy dependence of the baryon chemical potential [38] [39] [40] [41] . The entropy density, number density, energy density, and pressure associated with these distributions in the dense baryonic matter can be expressed as
where K ν (x) is the modified Bessel function. Then the perfect-fluid hydrodynamics equations of the motion for the dense baryonic matter produced in the central nucleus-nucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES energies can be written as
where the energy-momentum tensor is given by
where ǫ is the energy density, P is the pressure, and u µ is the four-velocity of the collective flow,
where
is the metric tensor, and the space-time coordinate denoted by x µ = (t, r). We neglect the viscous drag of fireball, and thus the expansion is isentropic, which leads to
where s and n are the entropy density and number density of the fireball, respectively. For the (1+1)-dimensional Bjorken longitudinal expansion of the dense baryonic matter, the dynamics evolution equation for the fireball is given by
then the time evolution for the temperature of the dense baryonic matter can be written as
if the baryonic chemical potential is a constant,
where M is the mass of nucleon, and c velocity vector satisfying the constraint u µ u µ = 1, requires that the fluid four-velocity for cylindrical symmetry be of the form [24] 
where we have used
then Lorentz-scalar quantities such as the entropy density, number density, energy density, pressure, and radial velocity v r (τ, r) are functions only of τ and r, with no dependence upon the space-time rapidity y. Then the perfect-fluid hydrodynamic equations of motion of the dense baryonic matter for the (3+1)-dimensional expansion with cylindrical symmetry along the transverse direction and boost invariance along the longitudinal direction can be expressed as
where the radial velocity is given by [42] [43] [44] [45] [46] v r (τ, r) = 2q
where the free parameter q with energy dimensions is allowed one to specify a scale which is related to the transverse size of the fireball q = R −1 . In the case of v r (τ, r) = 0, the (1+1)-dimensional Bjorken equation of the dense baryonic matter is recovered.
Then the time evolution for the temperature of the dense baryonic matter with the transverse-flow effects can be written as
, (22) where M is the mass of nucleon, and c 2 s is the speed of sound.
The initial conditions of the perfect-fluid hydrodynamical expansion for the dense baryonic matter produced at low energy central nucleus-nucleus collisions ( √ s N N < 10GeV) at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES are presented in Table I . The initial conditions of the transverse expansion for (3+1)-dimensional perfect-fluid hydrodynamics are also chosen such that the radial velocity v r (τ i , r) = 0 along with a given initial temperature T (τ i , r) = T i within the transverse radius [29] .
Moreover, we also present the first preliminary calculation on the production of low-mass dileptons and low-p T photons from the pion-pion interaction in dense baryonic matter produced in the central Au-Au and U-U collisions. In the central nucleus-nucleus collisions, the yield of lowmass dileptons produced by ππ → V → ℓ + ℓ − processes in the dense baryonic matter can be written as where the cross section of ππ → V → ℓ + ℓ − processes is given bŷ
where the form factor can be expressed as [47, 48] 
where M is the invariant mass of the dileptons. Indeed, the yield of the low-p T photons produced by ππ → γγ processes in dense baryonic matter can be written as
where f π (p) is the Bose-Einstein distribution function of pions in the dense baryonic matter. In our analysis, we assume that the space-time evolution of dense baryonic matter produced in the low energy central nucleus-nucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES can be described by the relativistic perfect-fluid hydrodynamic. If there is only a longitudinal expansion of dense baryonic matter, it is the well-known Bjorken expansion. However the transverse-flow effects with cylindrical symmetry along the transverse direction and boost invariant along the longitudinal direction can also not be negligible. The reasonable values of the initial conditions such as the baryonic chemical potential, initial time, initial temperature, initial energy density, and rapidity distribution as shown in Table I can be obtained. we also present the first preliminary calculation on the production of low-mass dileptons and low-p T photons that can be considered as the signals of the dense baryonic matter for the case of radial velocity v r (τ i , r) = 0 are plotted in Fig. 1 and Fig. 3 , and the case of radial velocity v r (τ i , r) = 0 are plotted in Fig. 2 and Fig. 4 . We find that the suppression of the low-mass dileptons and lowp T photons production from the transverse flow effect can not be negligible.
In summary, we have studied the space-time evolution of dense baryonic matter by the relativistic perfectfluid hydrodynamics in the low energy central nucleusnucleus collisions at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES. The transverse-flow effects of the fireball with cylindrical symmetry along the transverse direction and boost invariant along the longitudinal direction is also considered. We also present the first preliminary calculation on the low-mass dileptons and lowp T photons yield that is suppressed by the transverse-flow effects (3+1)-dimensional hydrodynamical expansion for the dense baryonic matter at HIRFL-CSR, HIAF, FAIR-CBM, NICA-MPD, and RHIC-BES energies. 
